Introduction and hypothesis We investigated whether the expression of alpha-1 antitrypsin (ATT), neutrophil elastase (NE), and lysyl oxidase-like protein 1 (LOXL-1) vary within the vagina in subjects with pelvic organ prolapse (POP). Methods Biopsies were obtained from the anterior and posterior vaginal wall of 22 women with POP (≥stage 2 by POP-Q). The subjects were grouped by the most prominent defect: cystocele, cystocele plus uterine prolapse, and rectocele. Comparative real-time PCR, Western blotting, and NE enzyme activity assay were performed. Results The ratio of anterior and posterior vaginal wall ATT, NE, and LOXL-1 expression varied between individuals within the same defect group. Conclusions ATT, NE, and LOXl-1 expression was variable among different biopsy sites in the vagina. No consistent pattern was present when the subjects were grouped by the most prominent defect. We recommend careful consideration of biopsy sites in future studies on POP to enhance reproducibility of data.
Introduction
Pelvic organ dysfunction is a major health issue affecting women throughout their reproductive and menopausal years [1] . It is well known that damage to the muscles, connective tissues, and nerves in the pelvic floor during vaginal delivery plays a major role in the etiology of pelvic floor disorder. Other factors-including race, increased age, body mass index, smoking, estrogen deficiency, and familial predisposition-have also been implicated [2] [3] [4] [5] [6] . It has thus been hypothesized that the pathophysiology of pelvic floor disorder is a multifactorial process, where a genetically predisposed woman ultimately develops prolapse after experiencing a series of life events [7] .
The female pelvic organs are supported by pelvic muscles, ligaments, and the bony pelvis. The tensile strength of the pelvic floor connective tissues is crucial for supporting the pelvic organs, which are constantly subjected to intra-abdominal pressure [8] . Collagen and elastin are the two major fibrillar components of the connective and supportive tissues of the vagina, with collagen being responsible for tensile strength and elastin for resilience and ability to recoil [9, 10] . Recent studies have indicated that the metabolism of collagen and elastin is altered in the prolapsed tissue [9, [11] [12] [13] , implying that both the synthesis of the structural proteins of extracellular matrix and the degradation process, which involves a wide spectrum of proteases and their corresponding inhibitors, are important in the pathophysiology of pelvic organ disorder. A reduction in the expression of alpha-1 antitrypsin (ATT), a major inhibitor of neutrophil elastase (NE), and a relative increase of elastolytic activity in pelvic tissues from patients with pelvic floor dysfunction has been documented [14] . Metalloproteinases 2 (MMP-2) and 9 (MMP-9) are also increased in pelvic floor connective tissues of patients with pelvic organ prolapse [13, 15] .
Proteins responsible for the synthesis of the extracellular matrix are also important for tissue remodeling. Lysyl oxidases (LOX) are enzymes which catalyze the oxidative deamination of the ε-amino group of lysyl and hydroxylysyl residues of collagen as well as the lysyl residues of elastin [16] . Covalent cross-linkages in mature collagen and elastin are formed when spontaneous condensation occurs between the resulting aldehyde groups or with the ε-amino groups on the peptidyl lysine [17] . Normal cross-linking is important in providing protection against the degradation of elastin and collagen by nonspecific proteinases [18] . LOXL-1 is one of the five members in this LOX family [16] . Liu et al. showed that LOXL-1 is required for the synthesis of elastic fibers [17] . Targeted disruption of LOXL-1 in mice resulted in the inability of the reproductive tissues to repair the elastic fibers after parturition, thus causing pelvic organ prolapse in the animals [8] .
The above studies suggest that the development of pelvic organ prolapse involves abnormalities in the degradation and/or synthesis of the extracellular matrix. If so, the expression of ECM proteins will be altered in individuals with pelvic floor dysfunction and should be homogeneous throughout the vagina. It is also possible that these observed differences result from the mechanical stresses imparted on the various surfaces of the vagina. In this case, areas with prolapse should differ in expression of these proteins compared with other less affected vaginal sites. In this descriptive study, we sought to examine whether the above changes in NE, ATT, and LOXL-1 in women with pelvic organ prolapse is homogeneous throughout the vagina or if they correlate with the vaginal sites with higher degree of prolapse.
Materials and methods

Subject selection
Approval from the Institutional Review Board of Stanford University Medical School was obtained prior to the commencement of the study. We screened women undergoing surgery for pelvic organ prolapse. All subjects underwent a pelvic examination with POP-Q [19] . We selected subjects with stage 2 or a more advanced stage of prolapse. Subjects were divided into three groups according to the most prominent type of prolapse: cystocele, rectocele, cystocele plus uterine prolapse. The cystocele group consisted of subjects with stage 3 cystocele and other defects above the hymen. The rectocele group consisted of subjects with stage 2-3 rectocele and other defects above the hymenal level. The cystocele plus uterine prolapse group consisted of subjects with stage 3 cystocele and uterine prolapse. Subjects with history of endometriosis, gynecologic malignancies, pelvic inflammatory conditions, connective tissue disorders, emphysema, and prior pelvic surgery were excluded. Thirty-one potential subjects agreed to participate in the study. However, in order to ensure that the subjects in the same group (i.e., cystocele, rectocele, or cystocele plus uterine prolapse) belong to the same menopausal status, only 22 subjects were retained in the study.
Tissue collection
After obtaining the subject's informed consent, biopsies of vaginal wall were excised from the anterior vaginal wall (at point Ba) and the posterior vaginal wall (at point Bp). Fullthickness vaginal wall tissue was resected after surgical dissection. The vaginal epithelium was first infiltrated with a dilute epinephrine solution, and dissection was carried down to the loose connective tissue plane between the vaginal epithelium and the bladder or rectum. This produced a tissue sample approximately 4-5 mm in thickness, to include lamina propria and muscularis layer of the vaginal wall. The lamina propria is a layer rich in connective tissue. Roughly 1 cm 2 full-thickness vaginal wall biopsies were taken from each site. Hematoxylin and eosin stain was performed on sample tissue to ensure that a full-thickness biopsy (including lamina propria and muscularis) was obtained. Specimens were then snap frozen with liquid nitrogen and were stored at −80°C. Right before protein and RNA extraction, tissues were thawed and washed in diethylpyrocarbonate-treated phosphate buffered saline, pH 7.4. The epithelial layer was scraped off thoroughly using a razor blade, and hence, the final specimen contained mostly lamina propria and muscularis.
Total tissue protein extraction
Vaginal tissues were dissected into small pieces and homogenized in the solubilization buffer (150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.04% SDS, 4 mM EDTA, 50 mM Tris-HCl, pH 7.4). The homogenate was rotated overnight at 4°C, followed by centrifugation at 10,000×g for 30 min. The supernatant was collected for Western blot analysis and enzyme activity assay. Protein concentration was determined using the Bradford method.
Immunoblot analysis
Protein samples were loaded and separated on a 10% SDS-PAGE, after which the proteins were transferred to nitrocellulose membranes (Pierce, Rockford, IL, USA). The membranes were blocked with 5% nonfat milk and were then subjected to immunoblot analysis. The following antibodies were used: rabbit antihuman ATT (1:5,000) and mouse antigoat (1:5,000; Sigma, St. Louis, MO, USA), goat anti-GAPDH (1:2,000; Abcam, Cambridge, MA, USA), donkey antirabbit IgG (1:100,000; Sigma). Visualization of the bound antibodies was performed using chemiluminescence. Pure human alpha antitrypsin was used as a control in the immunoblot analysis to verify the specificity of the antibody. The protein samples were analyzed twice.
RNA extraction and comparative quantitative real-time PCR Total RNA extraction, reverse transcription, and comparative quantitative real-time PCR were performed as described [20] .The sequences of the primers for the comparative quantitative real-time PCR are shown in Table 1 . Total RNA was extracted from the vaginal wall specimens using the guanidium isothiocynate method (RNAzol, Tel-test, Friendswood, TX, USA). The concentration of RNA and its purity was determined by spectrophotometry in a Beckman Coulter DU 640 spectrophotometer (Beckman Coulter, Fullerton, CA, USA). For downstream evaluation of a particular mRNA in the vaginal wall sample, 1 μg of total RNA was reversely transcribed into cDNA using the Gen Amp RNA PCR Kit (Applied Biosystems, Foster City, CA, USA) and M-MLV reverse transcriptase (Invitrogen, Carlsbad, CA, USA). We performed the comparative quantitative real-time PCR using Brilliant SYBR Green QPCR Master Kit (Stratagene, La Jolla, CA, USA) on the Mx4000 Multiplex Quantitative PCR system with Mx4000 software (Stratagene, La Jolla, CA, USA). Following a hot start of 15 min at 95°C, the PCR product was amplified in a threestep fashion with denaturation at 94°C for 30 s, annealing at 60°C for 1 min, followed by extension at 72°C for 30 s. A total of 40 cycles were performed. We also ran a dissociation profile to assess the specificity of the amplicon as well as the formation of primer-dimer. The specificity of the primers was evaluated by sequencing the PCR products.
Relative quantitation of the gene expression was performed, and hypoxanthine phosphoribosyl transferase 1 was used as the endogenous reference for normalization. To generate the relative expression level of each experimental sample, we divided the normalized sample value by that of a common calibrator, which serves as a reference point for comparison between samples.
Neutrophil elastase activity assay
The assay was performed based on the method published by Yoshimura et al. [21] . Briefly, the sample (40 µl) was incubated with the substrate Ala-Ala-Pro-Val-ρ-nitroaniline at a final concentration of 4 mM (Sigma) and 0.1 M TrisHCl (pH 8.0) containing 0.5 M NaCl in a final volume of 200 µl at 37°C for 4 h. A corresponding reaction for each sample in which DMSO was substituted for the substrate was included to serve as the blank, so that calculation could be made to cancel out the absorbance due to the intrinsic color of the protein sample. Absorbance at 405 nm was measured. The neutrophil elastase activity was measured as duplicates.
Statistical analysis
Paired comparison between expression at anterior and posterior vaginal walls was performed using Wilcoxon signed-rank test. Paired t test was not used because some data set did not show a normal distribution.
Results
Full-thickness vaginal wall tissues from 22 subjects were included in this study. Based on the most prominent prolapse defect, the subjects were divided into three categories: cystocele group (Ba, 3.9±1.8 cm; Bp, −1.0± 2.2 cm; C, −2.3±2.1 cm), rectocele group (Ba, −0.9± 1.5 cm; Bp, 1.9±1.1 cm; C, −6.3±1.8 cm), and cystocele plus uterine prolapse group (Ba, 2.8±1.7 cm; Bp, 0.7±
Prime name
Primer sequence
Human neutropil elastase forward 5′-CAGCAACGTCTGCACTCTC-3′ Human neutropil elastase reverse 5′-GAGGCAATTCCGTGGATTAGC-3′ Human alpha-1 antitrypsin forward 5′-GGTCAACTGGGCATCACTAAG-3′ Human alpha-1 antitrypsin reverse 5′-TCCCTTTCTCGTCGATGGTCA-3′ Human lysyl oxidase-like 1 forward 5′-CCAGGGCACAGCAGACTTC-3′ Human lysyl oxidase-like 1 reverse 5′-GTAGTGGCTGAACTCGTCCA-3′ Human hypoxanthine phosphoribosyl transferase 1 forward 5′-TGACACTGGCAAAACAATGCA-3′ Human hypoxanthine phosphoribosyl transferase 1 reverse 5′-GGTCCTTTTCACCAGCAAGCT-3′ 1.8 cm; C, 4.3±2.7 cm). The numbers in parentheses are the means±SD of the POP-Q measurements for each group. Age, body mass index (BMI), and parity of the three groups of subjects are summarized in Table 2 . All the subjects in the rectocele group were premenopausal, while the subjects in the other two groups were postmenopausal. This may reflect the epidemiology of the specific defect. The anterior and posterior vaginal walls were chosen as the sites of comparison. For each pair of anterior and posterior vaginal wall samples, the following assays were performed: Western blot analysis for ATT protein expression level (with normalization to loading control GAPDH), NE activity assay, and comparative quantitative real-time PCR for ATT, NE, and LOXL-1. To facilitate comparison between individuals, we expressed our data as ratio of the posterior wall to the anterior wall. For example, the NE activity data shown in the figures are actually NE activity posterior wall /NE activity anterior wall from the same subject. A ratio greater than 1 indicates that the expression at the posterior wall is higher than that in the anterior wall in the subject. Figures 1 and 2 summarize these data. Within each group of subjects (cystocele, cystocele plus uterine prolapse, or rectocele), the ratios of ATT, NE, and LOXL-1 expression in posterior-toanterior vaginal wall varied significantly (up to 3.5-fold in several cases). This variability was observed at both the protein and mRNA levels. Moreover, no specific patterns or trends exist even when subjects were grouped by the most prominent type of defect. Paired comparisons using Wil- coxon signed-rank test showed high variability across the locations but no overall difference in the rank ordered data between the anterior and posterior wall biopsy sites for each of the three groups.
Discussion
Pelvic organ prolapse affects negatively the lives of millions of women. Although the factors underlying the pathogenesis of female pelvic floor disorders are complex, it is believed that a major contributor is the loss of support from the connective tissues. Previous studies have shown that a shift in the balance between the degradation and synthesis of extracellular matrix is involved in the development of pelvic organ prolapse [9] . It is known that in patients with pelvic organ prolapse, the expression of ATT decreases whereas the relative elastolytic activity is upregulated [14] . It has also been shown in mouse models that genetic disruption of LOXL-1 results in the development of pelvic organ prolapse postpartum owing to the failure to synthesize and assemble functional elastic fibers [17, 22] . Data on LOXL-1 expression in human tissues are scant and inconsistent. Kobak et al. have found that the mRNA expression of LOX, a relative of LOXL-1, was significantly reduced in patients with severe pelvic organ prolapse [23] . Wieslander et al., in an abstract, reported LOXL-1 mRNA expression decreased in premenopausal women with prolapse, but was upregulated in postmenopausal women with prolapse [24] . Prospective studies are necessary to determine whether these changes in ECM cause the development of POP or are seen as a result of altered mechanical loads on the prolapsed tissue.
In the current study, we sought to understand whether the altered expressions of NE, ATT, and LOXL-1 observed in women with pelvic organ prolapse is homogeneous or sitespecific throughout the vagina and whether their expressions correlate with the most prominent site of prolapse. The grouping in this study reflects the most prominent site of prolapse since pelvic organ prolapse is usually associated with pelvic support defect in other segments of the vagina [25] . Our data show that the expression level of ATT, NE, and LOXl-1 vary among different biopsy sites within the same individual, and no statistically significant patterns exist even when the subjects are grouped by the most prominent type of defect. The variability in protein expression among various biopsy sites is reflective of the complex environment pelvic organs function. Factors such as BMI, bony pelvic anatomy, previous pelvic injuries, chronic pelvic stresses (cough, exercise, parity) can all have different effects on different sites in the vagina. In addition to the baseline ECM abnormalities in women with pelvic organ prolapse, the expression of ECM proteins can be further modulated by these external forces.
We also examined the P/A ratios in relation to the continuous POP-Q measurements in all the three groups of subjects. We did not observe any statistically significant correlation between P/A ratios and the POP-Q measurements (data not shown). However, P/A ratio tended to cluster around 1 in the cystocele-only and cystocele plus uterine prolapse groups, independent of POP-Q measurements, suggestive of similar ECM processes in different areas of the vagina. We acknowledge that this preliminary study is not powered to prove the null hypothesis (that no differences exist between anterior and posterior vaginal wall sites). A larger study is needed to confirm these findings. For LOXL-1, we only presented our data from the comparative quantitative real-time PCR rather than Western blot data as we had reservation on the specificity of the LOXL-1 antibody currently commercially available.
While our data hint that similar ECM processes exist between a different site in the vagina, the findings of this descriptive study also raise concerns that consistency in biopsy site and larger sample size are critically important in study design due to the high variability in protein expression and large standard deviations. These factors should be taken into account when comparing data from different data sets. Given this, we recommend careful consideration of biopsy sites, in addition to the selection of a homogeneous study group in future studies on pelvic organ prolapse in order to enhance reproducibility of data.
